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ABSTRACT  
Altered laterality of cortical activity, neuropsychological impairment and hypercortisolaemia have been 
shown in depression.  The neural correlates of episodic memory in healthy subjects demonstrate 
hemispheric laterality but it is not known whether this is affected by depression and/or 
hypercortisolaemia.  27 drug-free depressed patients and 29 matched healthy controls were studied.  
Event-related potentials (ERPs) were recorded during an episodic memory test.  During the study 
phase, subjects heard words spoken in either a male or female voice. Old and new words were 
presented visually during a test phase, when subjects were requested to identify words as old or new 
and recollect the gender of the voice for old words.  Cortisol levels were measured in saliva and plasma 
samples.  The results showed a trend for elevated salivary cortisol concentration in depressed patients.  
Reaction times were significantly longer in patients; however, there was no difference in memory 
accuracy performance between the two groups.  Recollection performance was found to be negatively 
correlated with age, with a similar trend for cortisol concentrations.  ERP activity not specifically 
related to episodic memory retrieval recorded 200-500 ms post-stimulus from controls showed a 
marked laterality, with higher voltages over the right hemisphere; however, was not seen in patients.  
There was significant correlation between cortisol and the laterality of the neural activity specifically 
related to episodic memory retrieval recorded 500-1400 ms post-stimulus in both depressed and healthy 
groups.  These unique findings demonstrate that while the laterality of the neural correlates of episodic 
memory is sensitive to cortisol, it is not altered by the non-specific laterality effects seen in depression.   
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INTRODUCTION  
Major Depressive Disorder (MDD) has been associated with functional asymmetric 
cortical activity, as assessed by electroencephalography (EEG) (e.g. Coan and Allen, 
2004; Allen et al., 2004; Davidson, 1998) and functional neuroimaging studies (e.g. 
Holthoff et al., 2004).  In particular, asymmetry in frontal alpha power has been 
frequently shown in depression, with a relative increase (demonstrating less cortical 
activation (Laufs et al., 2003)) over the left regions (Davidson, 1998).  Posterior and 
temporo-parietal alpha asymmetry, with relatively reduced right cortical activation, 
has also been reported in patients with MDD by many (e.g. Bruder et al., 1997; 
Kentgen et al., 2000), but not all groups (Henriques and Davidson, 1991).  There is 
good evidence that this functional cortical asymmetry is not only state-dependent (i.e. 
related to depressed mood) but may also be a trait-dependant variable, since it has 
been shown in depressed patients, even while euthymic (Henriques and Davidson, 
1990), as well as in high-risk offspring of depressed parents (Bruder et al., 2005).  As 
such it may relate to fundamental underlying pathophysiologies of the disorder.  
  
Asymmetry in the electrophysiological correlates underlying episodic memory, 
memory for events encountered in previous study episodes, has been shown in healthy 
humans (Tulving et al., 1994; Baddeley, 2001).  Asymmetrical frontal and prefrontal 
cortex (PFC) activity, with relatively higher right hemisphere activity, has been 
reported in many studies of episodic retrieval (Tulving et al., 1994; Ragland et al., 
2000; Bernard et al., 2001) although not all studies have demonstrated similar 
findings (review Cabeza and Nyberg, 2000; Mayes and Montaldi, 2001).  Bernard and 
colleagues (2001) demonstrated activation in the right anterior and right inferior PFC 
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during word recognition tasks and right dorsolateral PFC activation during stem-cued 
recall task.  Event-related potential (ERP) data have shown differences in waveforms 
associated with accurate recollection when subjects are presented with a previously 
studied item compared to correct identification of new non-studied items (Wilding 
and Rugg, 1997; McAllister-Williams et al., 2002b; Alhaj et al., 2006).  This 
“old/new” effect comprises two components: a left parietal effect, which is believed 
to reflect hippocampal-modulated cortical activity underlying episodic memory 
retrieval (Alvarez and Squire, 1994; McClelland et al., 1995), and a right frontal 
old/new effect, which is believed to originate from dorsolateral PFC and may reflect 
evaluation and monitoring processes that operate upon the products of memory 
retrieval (Rugg et al., 2002; Rugg et al., 1996).   
 
Neuropsychological impairments, including in learning and memory, have been 
reported in patients with MDD (Veiel, 1997; Christensen et al., 1997; Elliott, 1998).  
However, reports of such impairments have been inconsistent and it has been argued 
that this could be due to the characteristics of both patients studied and memory tests 
employed (Burt et al., 1995; Austin et al., 1999).  Previous studies of episodic 
memory in depression have focused on item recognition.  However, it is not clear 
whether retrieval of the “source”, or the context in which the information was 
acquired, is impaired in patients with MDD.  In the only previous study that tested 
“source retrieval” in depression, performance of 12 hospitalised patients was found to 
be similar to that of healthy controls (Degl'Innocenti and Backman, 1999).  
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Neuroendocrine studies have demonstrated hypercortisolaemia in a substantial 
proportion of depressed patients (Holsboer, 2000).  Abnormally high levels of cortisol 
have been suggested as a possible explanation of neuropsychological impairments 
associated with depression (McAllister-Williams et al., 1998).  The hippocampus and 
prefrontal cortex, which are known to play an important role in episodic memory, are 
cortisol-sensitive (Lupien and McEwen, 1997; McEwen et al., 2002) and it has been 
argued that hypercortisolaemia may lead to the hippocampal and PFC atrophy seen in 
depression in MRI studies (Sheline et al., 1996; Bremner et al., 2000; Bell-McGinty et 
al., 2002; Ballmaier et al., 2004).  Cortisol administration to healthy volunteers has 
been shown to impair episodic memory (Newcomer et al., 1999; de Quervain et al., 
2000; Wolf et al., 2001) and lead to qualitative changes over frontal scalp regions in 
the electrophysiological correlates of retrieval (McAllister-Williams et al., 2002a).   
 
The normal hemispheric laterality in healthy subjects seen with certain neurocognitive 
tasks, such as visuospatial functions, has been shown to be modified or absent in 
patients with MDD (Henriques and Davidson, 1997).  However, it is not known if this 
is the case regarding the neural correlates of episodic memory.  Administration of 
cortisol or a synthetic glucocorticoid prednisone in healthy subjects has been shown to 
alter the laterality of alpha EEG, increasing right frontal activation (Tops et al., 2005; 
Schmidt et al., 1999).  It is unclear whether cortisol dysregulation, which is known to 
modulate the neural circuitry of episodic memory retrieval and is believed to play an 
important role in the pathophysiology of depression, plays a part in any alteration in 
the laterality seen with episodic memory in depressive illnesses.  
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The aim of the current study was to investigate the lateralisation of the neural 
correlates of episodic memory using an ERP technique in drug-free depressed patients 
compared to matched controls.  Furthermore, we aimed to evaluate the association 
between cortisol level, episodic memory performance and hemispheric asymmetry.  It 
was hypothesised that depressed patients would show longer response times, worse 
episodic memory performance and abnormality in the cortical activation, leading to a 
decrease in the right temporo-parietal and the left anterior activities during episodic 
retrieval.  This change in asymmetry was postulated to be correlated with cortisol 
levels in depressed patients.  
   
MATERIALS AND METHODS 
27 patients (16 females) with a diagnosis of unipolar depressive disorder according to 
DSM-IV and 29 healthy controls (13 females) took part in this study.  DSM-IV 
diagnosis of depression was verified using the semi-structured interview schedule 
(SCID) administered by a research psychiatrist.  Depressed patients and healthy 
controls were recruited from the community by advertisements in the local papers.  
The inclusion criteria required that all participants had an IQ of ninety or more as 
assessed by the National Adult Reading Test (NART) to ensure that they 
comprehended the task instructions.  It was also required that they were fluent in 
English in order to be familiar with all the words used in the episodic memory task.  
Participants had to have normal (or corrected normal) vision and hearing and be right-
handed as assessed using Briggs’ modification of Annett’s (1967) handedness 
inventory (Briggs and Nebes, 1975).  Both patients and controls were excluded if they 
had used any psychotropic medication within the previous 6 weeks.  Patients meeting 
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the diagnostic criteria for additional psychiatric disorders (including personality 
disorder and substance misuse) were also excluded from the study. Patients with 
psychotic symptoms were also not included in the study.  Controls were not included 
if they had a history of any DSM-IV axis 1 or 2 diagnosis or a first degree relative 
with a history of any DSM-IV axis 1 diagnosis. 
 
In the patient group, 8 were psychotropic drug-naïve, 9 had had antidepressants (6 
fluoxetine, 1 paroxetine, 1 citalopram and 1 venlafaxine) that had been discontinued 
at least eight weeks prior to testing and 6 were on unidentified antidepressants in the 
past that had been discontinued at least one year prior to testing. In addition, 3 
patients had been on diazepam, which had been discontinued at least 4 weeks prior to 
testing.   
  
The severity of depression was assessed at baseline using the 17-item version of the 
Hamilton Depression Rating Scale (HDRS; (Hamilton, 1967), Montgomery-Asberg 
Depression Rating Scale (MADRS; (Montgomery and Asberg, 1979)) and the Beck 
Depression Inventory (BDI; (Beck et al., 1961) ratings of mood.  Patients were 
required to have a score of 17 points or over on HDRS, while controls had to score 
less than 8 points for inclusion.   
 
Medical screening was carried out and histories were thoroughly checked by research 
doctors and nurses.  Participants smoking and alcohol habits were recorded.  All 
participants were provided with information sheets and written informed consent was 
obtained after the purpose and experimental details had been fully explained.  Ethical 
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approval was granted by the Local Research Ethical Committee. The control subjects 
were paid an honorarium of £40 as compensation for time spent in taking part in the 
study.  Patients and controls were reimbursed for any expenses (such as travel) 
incurred by taking part in the study.   
 
Experimental Design and Procedure 
On the day of investigation, subjects reported to the Department of Psychiatry, Royal 
Victoria Infirmary, Newcastle at 0900 hours.  Mood was rated using the HDRS, 
MADRS and BDI.  Subjects were seated in the EEG recording facility and fitted with 
an electrode cap.  They completed the episodic memory ERP paradigms followed by 
tasks investigating error processing and 5-HT function (not reported in this paper).  
Following the last EEG recording, subjects had the electrode caps removed and were 
provided with a light lunch.  They were assessed medically before being allowed to 
leave the department.   
 
Cortisol Assay 
HPA axis function was assessed by measuring morning and evening salivary cortisol 
concentrations on two consecutive days prior to the test and plasma cortisol 
concentrations on the day of testing.  Salivary measurement of cortisol, which 
provides reliable estimates of circulating cortisol levels (Goodyer et al. 1996), was 
used because samples could be collected by subjects prior to their attendance at the 
clinic.  Blood collection for plasma cortisol concentration measurement was 
conducted during the testing session in the clinic by a research doctor or nurse.  Saliva 
samples were collected using standard saliva collection devices (“Salivettes”, 
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Sarstedt, Germany) at 0800 and 2000 hours.  Each collection tube contained a cotton 
wool swab impregnated with citric acid, which when chewed for two minutes 
provoked saliva secretion.  These tubes were stored in the subject's fridge until the 
time of their visit.  Blood samples were collected from participants upon completion 
of the neuropsychological tests to measure plasma cortisol concentration.  Cortisol 
assays were performed by means of radio-immunoassay (RIA) using Gamma-B 125I 
corticosteroid RIA kits obtained from Immuno-diagnostic Systems Limited (Tyne & 
Wear, UK).  Intra- and inter-assay coefficients of variation were 6.8 ± 0.46 % and 4.7 
± 0.22 % for salivary cortisol and 8.1 ± 0.67 % and 7.6 ± 0.58 % for plasma cortisol, 
respectively. 
 
Episodic Memory Task 
The episodic memory task consisted of a practice session and two study and test 
phases and was identical to one previously used in healthy subjects, as described 
elsewhere (Wilding and Rugg, 1996; McAllister-Williams and Rugg, 2002; Alhaj et 
al., 2006).   In brief, stimuli consisted of low frequency words presented binaurally 
during the 2 study phases.  In each word list, half of the words were spoken in a male 
voice and half in a female voice.  Associated test lists were created with 50% old 
words presented in the study list and 50% new words.  Test lists were presented 
visually on a computer monitor, with each word presented for 500 ms and subtending 
a vertical angle of 0.5º and a maximum horizontal angle of 2.8º.  Subjects were 
informed that the purpose of the experiment was to investigate memory for spoken 
words and underwent an orientation and preliminary practice session utilising study 
and test words not included in the actual experiment.   
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In the study phase, subjects listened to each word and responded verbally by repeating 
the word aloud and then judged whether it was active/passive or pleasant/unpleasant 
depending on the gender of the voice speaking the word.  This procedure was 
performed to enhance the encoding process.  The study phase was followed by a 
period of 10 minutes rest, during which the subject’s attention was distracted and then 
the test phase was conducted.  During the test, an asterisk appeared on the screen for 
one second as a fixation point and to advise the subject that they were about to see the 
stimulus word.  Then a word was presented and the subject was asked to respond as 
quickly and accurately as possible as to whether this was an old word they had heard 
during the study phase or a new one, using the thumb of one hand.  A question mark 
appeared on the screen following the subject’s response for 2.5 seconds and they were 
instructed that, if they had judged the preceding word to be old, they should indicate 
the gender of the voice that spoke the word at study by pressing one of the two 
buttons.  No response was required if the word was new.  Button assignments were 
randomly allocated across subjects to ensure that there was no correlation between the 
hands used for old/new and male/female judgement.  The total time including 
orientation/practice study-test block and two experimental study-test blocks was 
approximately 75 min.   
 
EEG Recording 
EEG was recorded from 29 Ag/AgCl scalp electrodes using a stretchable cap (Easy 
Cap, Falk Minow, Germany) that was positioned on the subject's scalp in accordance 
with the International 10-20 System (American Electroencephalographic Society, 
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1994), with a further electrode placed on the right mastoid process.  All channels were 
recorded relative to an electrode placed on the left mastoid.  Additional electrodes 
were positioned on the external canthus of the left and right eyes, between which 
horizontal electrooculograms (HEOG) were recorded.  Vertical electrooculograms 
(VEOG) were recorded between an electrode placed above the nasion and electrodes 
below the centre of each eye.  Impedances were kept below 5 KΩ for all electrodes 
and recordings were filtered with a band pass of 0.1-30 Hz and sampled at a rate of 
500 Hz.   
 
EEG analysis 
EEG data underwent a basic analysis procedure using Neuroscan analysis software 
(Scan 4.1, NeuroSoft Inc., USA) before extraction of epochs.  The first step involved 
the manual elimination of sections of data that contained gross artefacts (e.g. muscle 
contraction).  A blink-correction procedure was subsequently conducted (Semlitsch et 
al., 1986) using the data recorded in the VEOG channel and electrocardiograms 
(ECG) artefacts were removed where necessary using a principle component analysis 
procedure implemented with the Neuroscan software.  Any epoch containing residual 
artefact was rejected if any channel, except VEOG, had a voltage deflection greater 
than ±75µV.  All epochs were algebraically reconstructed off-line to represent 
recordings with respect to an average mastoid reference.  Stimulus-locked epochs of 
EEG data (102ms before to 1536ms after stimulus onset) relating to correct rejection 
(CR) and hit-hit (HH) items were analysed, with the difference reflecting the neural 
correlates of episodic memory retrieval.  To ensure adequate signal-to-noise ratio, 
The neural correlates of episodic memory and HPA axis status in depression 
 12 
subjects were excluded from the ERP analysis if there were less than 20 artefact-free 
ERP trials for each response type.   
 
A priori, it was determined to measure the mean amplitudes of four consecutive 
latency regions 200-500, 500-800, 800-1100 and 1100-1400 ms post stimulus, with 
respect to the mean of the pre-stimulus baseline (-102ms-0ms), as done previously 
(Wilding and Rugg, 1996; McAllister-Williams and Rugg, 2002).  Previous research 
has demonstrated that episodic memory retrieval specific neural activity can be 
identified from around 500 ms post stimulus presentation (Wilding and Rugg, 1996; 
McAllister-Williams and Rugg, 2002).  The activity seen during the period 200- 500 
ms post-stimulus is primarily non-specific activity relating to the task that may or may 
not relate to episodic memory.   For each latency region, repeated measures ANOVA 
were conducted on ERP data from four clusters of three electrodes in the left anterior 
(FP1, F7 and F3), right anterior (FP2, F8 and F4), left posterior (O1, P7 and P3) and 
right posterior (O2, P8 and P4) quadrants.  These clusters were chosen on the basis of 
previous data demonstrating the old/new episodic memory effect (Wilding and Rugg, 
1996; McAllister-Williams and Rugg, 2002).  Analysis of the four clusters employed 
within-subject factors of response type (HH vs. CR), hemisphere (left vs. right) and 
location (anterior vs. posterior); and between-subject factor of group (patients vs. 
controls).  
 
Statistical analysis 
All values are quoted as means ± standard deviations.  Statistical comparisons were 
made using two tailed t-tests reporting t values or analysis of variance (ANOVA) 
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adjusted using the Greenhouse-Geisser correction for inhomogeneity of covariance, 
with F ratios reported with corrected degrees of freedom.  A level of p<0.05 was 
accepted as statistically significant 
 
RESULTS:  
Participants 
Table 1 lists the demographic features of patients and controls.  The two groups of 
subjects were matched for age (t(57) = 0.04, p > 0.5) and IQ (t(53) = 0.40, p > 0.5).  
Patients scored significantly higher on mood rating scales (BDI: t(57) = 20.51, p < 
0.001; HDRS: t(57) = 33.10, p < 0.001; MADRS: t(57) = 33.94, p < 0.001) than the 
healthy controls.  The average duration of current episode of depression for patients 
was 18 months (range: 1 month- 10 years) and the average number of previous 
depressive episodes was 2.8 (range: 1-10 episodes).   
 
Table 1 near here 
 
Cortisol Concentrations 
Salivary cortisol data were available from 23 patients (10 males and 13 females) and 
29 controls (16 males and 13 females).  There was a trend for an effect of group on 
salivary cortisol concentration (F(1, 48) = 3.11, p = 0.08), with patients having higher 
cortisol levels than controls (see figure 1).  As expected, there was a highly significant 
effect of time on cortisol concentrations (F(3, 46) = 63.22, p < 0.001), with morning 
concentrations being significantly greater than evening concentrations.  However, 
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there was no time by group interaction, indicating that diurnal variation of cortisol 
concentrations occurred in both patients and controls. ANOVA revealed no 
significant effect of gender (p > 0.1) on salivary cortisol concentration.   
 
Plasma cortisol data obtained on the experimental day were available from 23 patients 
(10 males and 13 females) and 24 controls (15 males and 9 females). There was no 
significant difference between the two groups (p > 0.1) and there was no effect of 
gender or age (p > 0.1). 
   
Figure 1 near here 
 
Episodic Memory Performance  
Analysis was carried out on episodic memory performance data collapsed across 
gender of voice speaking the items at study, since no effect of gender was found in a 
previous study (Wilding and Rugg, 1996).  Trials in which words were correctly 
judged new are referred to as ‘correct rejections’ (CR), and new words judged to be 
old as ‘false alarms’ (FA).  Trials in which words were correctly judged to be ‘old’ 
are referred to as ‘hits’, and if correctly assigned to their study context as ‘hit-hits’ 
(HH).  The analysis of the behavioural data focused on two measures: ‘recognition 
memory’ assessed by the discrimination index (probability of a ‘hit’ minus the 
probability of a ‘false alarm’ (pH-pFA; Snodgrass and Corwin 1988), and the 
probability of correct source judgement given recognition (pHH/pH) indicating 
episodic memory recollection.   
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2 patients and 6 controls did not score significantly higher than 50% accuracy in the 
episodic memory tests so they were excluded from all further analysis (i.e. episodic 
memory performance and ERP analysis), due to possibilities of guessing or 
incomprehension of test instructions.  Due to the large number of subjects excluded, 
further age and IQ comparisons were made.  Among 25 patients (10 males) and 22 
controls (11 males) included in this memory test, the two groups were still age- (p > 
0.5) and IQ- (p > 0.5) matched. 
 
Mean reaction time (RT) for HH responses was found to be significantly longer in the 
depressed group compared with control group (1.69 ±0.45s vs. 1.46±0.37s, 
respectively; p<0.05) (see figure 2).  However, RTs for the CR responses were not 
different between the two groups of patients and controls (1.55 ±0.49s vs. 1.41±0.36s, 
respectively; p<0.1).  
 
Figure 2 near here 
 
ANOVA revealed no significant difference between patients and controls in accuracy 
performance for either recognition or recollection (both p>0.1; see table 2).  Previous 
studies have shown that ageing and increased cortisol have detrimental effects on 
memory.  Correlations between performance in episodic memory recognition and 
recollection tasks and age and plasma cortisol concentrations were therefore analysed 
across all subjects.  A significant negative correlation between recollection accuracy 
and age was found (Pearson correlation = -0.37, p<0.05), although the degree of 
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explained variance was low (R2 = 13.7%) (see figure 3A). However, there was no 
significant correlation between age and recognition accuracy (p=0.1), suggesting that 
the less effortful task of recognition is less affected by ageing.  There was a trend 
towards a significant negative correlation between plasma cortisol concentrations at 
the time of testing and recollection accuracy (Pearson correlation = -0.28, R2 = 7.8%, 
p=0.08) (see figure 3B), but not recognition (p>0.1).  
 
Table 2 near here 
 
Figure 3 near here 
 
Episodic Memory ERP Analysis 
One healthy control was excluded due to having less than 20 artefact free ERP trials 
for CR and HH response types.  Grand averages of the ERPs associated with HH and 
CR responses from controls and patients are illustrated in Fig. 4A and B respectively.   
 
Fig. 4 near here 
 
As expected, analysis of the four clusters of lateral electrode sites between 200 and 
500 ms post-stimulus revealed no effect of response on average ERP waveforms at 
this early latency region (p>0.1), due to episodic memory retrieval specific activity 
occurring predominantly after 500 ms (Wilding and Rugg, 1996).  There was however 
a highly significant effect of hemisphere (F(1,44)= 12.6, p<0.001) with a significant 
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group by hemisphere (right vs. left) interaction (F(1,44)= 4.7, p<0.05), due to ERP 
waveforms being more positive over the right than left hemisphere in the healthy 
controls, but not in the depressed patients.   
 
Analysis between 500 and 800 ms post-stimulus revealed a significant effect of 
response (F(1,44)= 4.2, p<0.05), due to ERPs associated with HH being more 
positive-going than those associated with CR,  reflecting the previously described 
old/new effect (Wilding and Rugg, 1996; McAllister-Williams and Rugg, 2002).  
However, there was no significant group by response interaction (P> 0.1).  There was 
a trend for an effect of hemisphere (F(1,44)= 3.4, p=0.07) with more positive righted 
sided activity; but there was no significant interaction between group and hemisphere 
(P> 0.1).   
 
Analysis between 800 and 1100 ms post-stimulus showed no significant effect of 
response type (p> 0.1).  There was a highly significant effect of hemisphere (F(1,41)= 
5.6, p<0.05) but there was no hemisphere by group interaction (p>0.1), indicating that 
right sided asymmetry at this latency region occurred in both groups.   
 
Analysis between 1100 and 1400 ms post-stimulus showed a significant effect of 
response (F(1,44)= 5.9, p< 0.05), and a trend for a difference between the two groups 
(F(1,44)= 3.4, p= 0.07).  However, there was no significant interaction between 
response and group, indicating that the difference between patients and controls was 
not due to differential effects of illness on episodic memory retrieval.   There was a 
highly significant effect of hemisphere (F(1,44)= 28.9, p< 0.001), with more positive 
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right-sided activity; however, there was no interaction between hemisphere and group, 
indicating that similar episodic memory retrieval related asymmetry occurred in both 
groups.  
 
ANCOVA incorporating plasma cortisol concentration as a covariate was conducted 
across all subjects included in the ERP analysis.  This showed that cortisol 
concentrations correlated with the asymmetry of ERP waveforms, as demonstrated by 
a significant cortisol by hemisphere (left vs. right) interaction (F(1,36)= 4, p=0.05; 
F(1,36)= 5.6, p<0.05; F(1,36)= 6.4, p<0.05) during 500-800, 800-1100 and 1100-
1400 ms post-stimulus latency regions, respectively.  However, the laterality observed 
between 200 and 500 ms post-stimulus was not related to cortisol, since no cortisol by 
hemisphere interaction was found (p>0.5).   Interestingly, plasma cortisol 
concentration was also found to have distinct correlation with the neural correlates 
underlying episodic memory retrieval, as reflected by a significant cortisol by 
response by hemisphere by location (anterior vs. posterior) interaction (F(1,36)= 5.1, 
p<0.05; F(1,36)= 7.2, p<0.05; F(1,36)= 4.5, p<0.05) for the 200-500, 500-800 and 
800-1100 ms post-stimulus latency regions, respectively.  However, there was no 
interaction between this effect and subject group (p>0.1).   
 
Given significant ANCOVA results, post-hoc correlations between cortisol levels and 
mean voltage of ERPs associated with HH and CR for each of the 4 electrode clusters 
were tested to identify the specific relationship of cortisol concentration and 
asymmetry of the neural correlates of retrieval.  Results revealed a significant 
negative correlation between cortisol and ERPs associated with CR in the right 
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anterior, left anterior and left posterior quadrants between 500 and 800 ms post-
stimulus.  Significant negative correlation between cortisol and ERPs associated with 
HH were seen only in the right anterior sites between 500 and 800 ms post-stimulus.  
Positive correlation was found between cortisol and ERPs associated with CR in the 
right anterior and with HH in the right posterior between 1100 and 1400 ms post-
stimulus.  No significant correlation was found between cortisol and ERPs between 
800 and 1100 ms post-stimulus. 
 
D ISCUSSION 
To our knowledge, this is the first study to investigate ERPs associated with episodic 
memory in depression.  The results show that a cohort of medication-free patients 
with major depression were slower in their responses in an episodic memory task, 
although their recognition and recollection accuracy was not different from that of 
controls.  Recollection performance was found to be correlated negatively with age 
with a similar trend for cortisol concentrations.  Depressed patients had reduced 
posterior cortical hemispheric asymmetry, which was observed during a period when 
no specific memory retrieval activity was seen.  Further, this “depressive asymmetry” 
did not modify the laterality of the neural circuitry of episodic memory retrieval.  
Cortisol concentrations were shown to be correlated with ERP waveform asymmetry 
associated with episodic memory recollection in both depressed and healthy groups.   
 
The lack of effect of depression on recollection or recognition accuracy performance 
in this verbal episodic memory test is in contrast with several prior studies (Austin et 
al., 1999; Bornstein et al., 1991; Golinkoff and Sweeney, 1989; Ilsley et al., 1995).  
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This discrepancy could be due to various factors.  A meta-analysis showed that 
association between memory and depression is related to characteristics of patients as 
well as type of memory task (Burt et al., 1995).  Memory impairment has been 
particularly found in patients that are more severe, older, hospitalized and in those 
with psychotic features (Basso and Bornstein, 1999b; Basso and Bornstein, 1999a; 
Tarbuck and Paykel, 1995).  Treatments with antidepressants, especially tricyclics and 
recurrent depressive episodes have also been shown to correlate with memory 
impairment in depression (Porter et al., 2003; Fossati et al., 2004).  The sample of the 
current study consisted of outpatient medication-free depressed patients, with a low 
average number of prior episodes of illness.  In a similar population, Porter and 
colleagues found no difference between depressed patients and healthy controls in 
verbal memory tests, although they showed impairment in other neuropsychological 
domains, such as executive function and visuospatial memory (Porter et al., 2003).  
Another explanation of the lack of difference between patients and controls in 
performance accuracy could be that the impairments are compensated for by extended 
response times.  The slow response seen in depressed patients in this study is in 
accordance with previous reports in various neuropsychological tests (Ilsley et al., 
1995; Austin et al., 1999).  
 
The detrimental effect of age on accuracy in the recollection task but not the less 
effortful task of recognition is in accordance with previous findings (Mark and Rugg, 
1998; Spencer and Raz, 1995).  A detrimental effect of cortisol on the effortful task of 
recollection, but not recognition, was suggested by the current findings, consistent 
with previous findings of elevated concentrations of cortisol impairing memory in 
humans (Newcomer et al., 1999; de Quervain et al., 2000; McAllister-Williams et al., 
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2002a).  However, the current results should be interpreted cautiously given that the 
correlation between recollection accuracy and cortisol concentrations only reached a 
trend for statistical significance.   
 
The study replicated previous results showing significant difference between ERPs 
associated with HH and CR, with HH related ERPs being more positive-going than 
CR related ERPs (old/new effect).  Healthy subjects showed marked cortical laterality 
200-500 ms post-stimulus, with relatively higher activity in the right hemisphere.  
However, this pattern of laterality was not seen in depressed patients.  Brain activity 
specifically related to episodic memory retrieval can only be detected from 500 ms 
post stimulus presentation when there is a significant difference between ERPs related 
to CR and HH responses. The difference in the laterality of ERPs between patients 
and controls occurs before this time, suggesting that it does not relate to processes of 
memory retrieval.  The lack of asymmetry observed in patients may reflect abnormal 
hypoactivation in the parietal and posterior regions of the right hemisphere, in line 
with previous EEG evidence (Bruder et al., 1997; Kentgen et al., 2000). 
 
Cortisol was shown to have a distinct effect on ERPs associated with episodic 
memory, correlating negatively with the early left parietal and positively with the late 
right frontal “old/new” effect.  This extends previous findings of effects of exogenous 
cortisol on a similar episodic memory ERP paradigm in healthy subjects (McAllister-
Williams et al., 2002b).  It is also in agreement with previous findings of effects of 
exogenous glucocorticoids on the frontal alpha activity, increasing right activation in 
man (Tops et al., 2005; Schmidt et al., 1999).   
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In conclusion, the present study shows electrophysiological changes suggesting 
abnormal brain activity in depressed individuals with decreased right posterio-
temporal activity.  Distinctively, it is the first to demonstrate a significant association 
between cortisol concentrations and the laterality seen in the neural circuitry of 
episodic memory.  This is unrelated to the changes in laterality seen in depression. 
Although current study demonstrates behavioural slowness, it does not support the 
hypothesis of verbal episodic memory impairment in unmedicated depressed patients 
nor an interaction between the cortical asymmetry of depression and either memory 
retrieval or cortisol.   
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FIGURE LEGENDS 
Figure 1 Salivary cortisol concentration in depressed patients and healthy controls (p<0.1).   
 
Figure 2 Episodic memory reaction times (RTs) for depressed patients and healthy controls. RTs for 
successfully recollected old words (HH RTs) were significantly longer in depressed patients (p<0.05).  
However, RTs for correctly identified new words (CR RTs) were not significantly different between 
the two groups.  
 
Figure 3 Episodic memory retrieval related electrophysiological activity.  ERP grand average 
waveforms associated with correct rejection (CR) and hit-hit (HH) responses from 9 representative 
electrode sites, laid out as if looking down on the head from above with the front of the head at the top. 
CR-related ERPs are shown with a solid line, whereas HH-related ERPs are shown with a dashed line. 
A. CR- and HH- related grand average ERPs from healthy controls.  B. CR- and HH- related grand 
average ERPs from depressed patients. 
 
Figure 4 Correlations of cortisol concentrations and average ERP voltages associated with episodic 
memory recollection (hit-hit: HH) and recognition (correct rejection: CR) (p<0.05). (+) indicates 
significant positive correlation. (-) indicates significant negative correlation. A= anterior; P= posterior; 
R= right; L= left.  
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TABLES 
Table 1 Patients and controls demography 
 Patients Controls P 
  Mean ± SD Range Mean ± SD Range  
Age (years) 47.3±10.8 20 - 65 45.6±11 19 – 66 0.87 
Units of alcohol per 
week 
6±7.8 0 - 20 13.3±10.8 0 - 40 0.09 
Number who 
smoke/total 
8/27  -  5/29  -  0.35 
IQ (assessed by NART) 117±8.8 98-130 115.4±8.6 90-127 0.5 
HDRS score 21.6±3.2 17-28 0.6±1.3 0-5 <0.001 
MADRAS score  29±4.6 19-38 0.6±1 0-4 <0.001 
BDI score 28±7 16-46 1.6±1.8 0-6 <0.001 
Current episode duration 
(months) 
18.2±25.1 
 
1-120 
 
- 
 
- 
 
 
 
Number of episodes 2.8±2.1 1-10 - -  
 
 
 
Table 2 Episodic memory performance for depressed patients and healthy controls.  Recollection 
accuracy was assessed by the probability of successfully recollecting the source of old words over the 
probability of correctly identifying a word as old (pHH/pH).  Recognition accuracy was assessed by the 
probability of correctly identifying a word as old minus the probability of incorrectly identifying a new 
word as old (pH-pFA). There was no significant difference between the two groups on either measure.    
Patients Controls Episodic Memory Indices 
Mean ± STD Mean ± STD 
Recollection Accuracy 0.73 ± 0.13 0.76± 0.1 
Recognition Accuracy 0.70± 0.13 0.68± 0.15 
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